whether produced by disease or therapy, or both, the protective effect of the blood barrier could be disadvantageous. Rapid correction of a metabolic acidosis by intravenous bicarbonate may restore the [H+] and [HCO l of plasma to normal but not that of the brain ECF. If ventilation falls and Paco2 rises, the [H+] of the ECF of the brain may be higher than before bicarbonate administration. This is because the rise in plasma [HCO ] is not immediately matched by a corresponding rise in the ECF of the brain.
Rapid correction of a chronic respiratory acidosis by artificial respiration may return the carbon dioxide tension of the plasma towards normal but the brain ECF will be alkalotic due to the high [HCO] in that fluid resulting from the pre-existing respiratory acidosis. This alkalosis is often accompanied by neurological disturbances in the patient.
The importance for the function of the central nervous system, and hence for clinical practice, of these changes in brain ECF in rapidly changing acid base disturbances has not been evaluated, though the dangers of a rapid correction of a chronic respiratory acidosis are well known. Studies in these disturbances are hindered by inability to use the CSF as a guide to the composition of brain ECF in acute acid base disturbances where a steady state has not been achieved.
Dr M J Aminoffland Dr C S Wilcox (Department ofNeurological Studies, Middlesex Hospital Medical School, London WIN 8AA)
Control ofBlood Pressure in Parkinsonism
It is often said that the blood pressure is low in patients with Parkinson's disease. This clinical impression has been substantiated in several recent reports (Barbeau et al. 1970 , Aminoff & Wilcox 1971 , although a study of patients with early Parkinson's disease (Gross et al. 1972 ) did not confirm it. In some patients parkinsonism and autonomic failure are the conspicuous features of a disorder now referred to as the Shy-Drager syndrome. In these patients pyramidal, extrapyramidal, cerebellar and lower motor neurone signs occur in association with incontinence of bladder and bowel, impotence and anhidrosis; severe orthostatic hypotension also occurs and may become life-threatening (Shy & Drager 1960 , Thomas & Schirger 1970 . Post-mortem studies have revealed morphological changes at many levels of the sympathetic nervous system in both groups of patients (references cited by Aminoff & Wilcox 1971) . We therefore studied 10 patients with Parkinson's disease and 5 with the Shy-Drager syndrome to determine the functional significance of these abnormalities of blood pressure control. In the patients with Parkinson's disease mean resting blood pressure was 97 mmHg, which is lower than that expected for healthy people of the same age group (Pickering 1955) . Fig IA shows the response of a patient with Parkinson's disease to Valsalva's manceuvre. The intra-arterial pressure shows a transient rise as the raised pressure within the chest is transmitted to the great vessels; the subsequent fall in pulse pressure is halted after 6 seconds and then reverses due to reflex vasocoiistriction. At the end of the manoeuvre there is the normal 'overshoot' in both systolic and diastolic pressures above resting levels with an accompanying bradycardia. In all patients with Parkinson's disease the cardiovascular reflex response to Valsalva's manoeuvre was intact and this accords with the similar findings of Reid et al. (1971) . However, in patients with the Shy-Drager syndrome ( Fig IB) the initial passive rise in blood pressure is followed by a progressive fall during the forced expiration; after release of this obstruction to venous return, the blood pressure gradually returns to preexisting levels over about one minute without the normal 'overshoot' and bradycardia. (Fig 2B) .
We next measured the pressor response to noradrenaline. This was infused for 4 minutes and the blood pressure taken at the beginning and end of each infusion. There was then a rest period of 4 minutes before the infusion was restarted at a higher rate. Fig 3 shows the response of a patient with the Shy-Drager syndrome and a normal volunteer subject. The marked pressor sensitivity in this patient is clearly shown.
The grouped data obtained with the noradrenaline infusions are shown in Fig 4. It is clear that all the Shy-Drager patients were supersensitive but there was also a surprising supersensitivity in the patients with Parkinson's disease. The control group contained subjects of similar age and half of them were given benzhexol for two days before testing. They were selected to have a low blood pressure, matching that of the patients with Parkinson's disease.
Thus, in patients with the Shy-Drager syndrome, we have found uniform impairment of the baroreceptor reflex. In three cases, loss of the 'gasp' reflex implies a lesion at spinal level or more peripherally (Gilliatt et al. 1948) . A lesion of central vasomotor fibres may, however, coexist and presumably accounts for the vasomotor disturbance in the two patients in whom the 'gasp' reflex was preserved. In the patients with Parkinson's disease, however, functional integrity between medulla, spinal cord and blood vessels is indicated by the normal reflex responses to Valsalva's manceuvre and to deep inspiration. There was, nevertheless, a supersensitivity to infused noradrenaline. This is difficult to interpret but we suggest that it is due to reduced basal sympathetic tone resulting from a more central lesion. In animals, supersensitivity may follow a central lesion (Ascroft 1937) and has been related to diminished activity in sympathetic nerves (Wolff & Cattell 1937) . Such a lesion would readily account for the low resting blood pressure in these patients. This hypothesis is supported by reports of a reduced rate of noradrenaline formation (Goodall & Alton 1969) in patients with Parkinson's disease.
Some of the other autonomic defects in Parkinson's disease can be explained by a central lesion. Using cine-cystography, we have confirmed the reports of others of a surprisingly high frequency of bladder dysfunction in this condition (Aminoff & Wilcox 1971) . The operation of thalamotomy will often improve or cure both the parkinsonism and the bladder disturbance (Porter et al. 1969 ), suggesting that both originate from a lesion at this level. Moreover, we have found that many patients with Parkinson's disease do not sweat on the trunk or limbs following a rise in body temperature although reflex sweating, provoked by heating the opposite limb, is preserved. This too is consistent with a central lesion, which would thus account for both the somatic and the autonomic disturbances in Parkinson's disease.
Low plasma renin activity has been reported in both Parkinson's disease (Barbeau et al. 1969) and the Shy-Drager syndrome (Chokroverty et al. 1969 ) and this may contribute to the hypotension. Accordingly, in association with Dr J D H Slater, we studied the response of 5 patients from each group to seven days on a low sodium intake (17 mEq/day) followed by seven days on a normal sodium intake (189 mEq/day). Renal sodium conservation was normal in the patients with Parkinson's disease. However, the patients with the Shy-Drager syndrome failed to conserve sodium by reducing its urinary excretion on the low salt diet. In all 10 patients sodium excretion was reduced by fludrocortisone but an excessive sodium loss persisted in the lying position in patients with the Shy-Drager syndrome. Furthermore, recumbent plasma renin activity, measured by the method of Kurtz (1971) , was significantly lower in the Shy-Drager patients than in those with Parkinson's disease on both low and normal sodium intake. The aldosterone secretion rate was similarly reduced. In the patients with Shy-Drager syndrome, lying and standing blood pressure fell considerably with sodium deprivation but no alteration was found in the already low blood pressure in patients with Parkinson's disease.
Thus, in the Shy-Drager syndrome there is a failure to conserve sodium due in part to reduced activity in the renin-aldosterone system. An additional abnormality must, however, be present because very large doses of mineralocorticoid failed to correct the excessive sodium loss while lying. Hence, the blood pressure is critically dependent upon the level of sodium intake. These results provide a rational basis for two forms of therapy used in the Shy-Drager syndrome (Bannister et al. 1969) . Fludrocortisone, in physiological dosage, will correct the state of hypoaldosteronism. Postural treatment, whereby the patient sleeps sitting-up in bed, will eliminate the excessive nocturnal urinary loss of sodium attributable to lying. It is our experience that a combination of these two forms of therapy often produces a worthwhile improvement in orthostatic tolerance.
Thus in the Shy-Drager syndrome, orthostatic hypotension is clearly related to an interruption of cardiovascular reflex pathways, while the level of the resting blood pressure depends on sodium intake. In patients wlth Parkinson's disease there is a lowered resting blood pressure which is not influenced by sodium intake. Cardiovascul r reflexes remain functionally intact.
